The genus Algibacter was created by Nedashkovskaya et al. (2004) to accommodate rod-shaped bacterial cells, motile by gliding, Gram-negative, containing MK-6 as major respiratory quinone and phosphatidylethanolamine as the main polar lipid compound. Subsequently, emendations of the genus Algibacter were proposed (Nedashkovskaya et al., 2007; Park et al., 2013d) and Marinivirga aestuarii and Pontirhabdus pectinivorans were reclassified as members of the genus Algibacter (Park et al., 2013c, d) . At the time of writing, 10 species have been described within the genus Algibacter. The species of this genus have been isolated from marine environments (such as seawater, green algae and shellfish) (Nedashkovskaya et al., 2004 (Nedashkovskaya et al., , 2007 Park et al., 2013c, d ) and a brown algae reservoir (Park et al., 2013a, b; Yoon & Park, 2013) . In this study, we report on the characterization of a novel psychrophilic bacterium of the genus Algibacter isolated from Russian Sakhalin Island.
Strain T was isolated from intertidal sediment samples collected from Russian Sakhalin Island (48 u 009 N 142 u 829 E) on 6 September 2013. The strain was routinely cultured on marine agar 2216 (MA; Difco) at 25 u C and stored as a suspension in skimmed milk (10 %, w/v) at 280 u C. Algibacter pectinivorans KACC 14153 T (Yi et al., 2011; Park et al., 2013c) was routinely grown on MA at 25 u C and used as reference strain.
DNA was extracted and purified as described by Sambrook et al. (1989) . The 16S rRNA gene was amplified by PCR with a pair of universal primers (Zhang et al., 2006) . The PCR product was purified by using a QIAquick PCR Purification kit (Qiagen). The purified 16S rRNA gene PCR product was sequenced using dideoxy chain termination/cycle sequencing, an ABI 3730XL sequencer (Applied Biosystems) and version 3.1 of the ABI Big Dye Terminator kit (Applied Biosystems) as recommended by the manufacturer. On the basis of pairwise comparisons of the 16S rRNA gene sequences using the recent version of the EzTaxon program (Kim et al., 2012) , strain RU-4-M-4 T shared the highest sequence similarity with A. pectinivorans KACC 14153 T (97.2 %) and exhibited sequence similarities of 95.2-96.5 % to the type strains of the other species of the genus Algibacter. Strain RU-4-M-4 T showed ,95.9 % sequence similarity to the recognized members of other genera of the family Flavobacteriaceae. Multiple sequence alignments were performed using the CLUSTAL W program integrated in the MEGA 5 software (http://www.megasoftware.net/). Phylogenetic trees were reconstructed using neighbour-joining, maximum-parsimony and maximum-likelihood algorithms in the MEGA 5 software (Tamura et al., 2011) . The phylogenetic tree based on the neighbour-joining method (Saitou & Nei, 1987) showed that strain RU-4-M-4
T formed a distinct cluster with A. pectinivorans KACC 14153 T (Fig. 1 ). This phylogenetic position was confirmed in the tree generated using the ML and MP algorithms (Figs S1 and S2, available in the online Supplementary Material).
Cell morphology was examined by phase-contrast microscopy (61000; Leitz Diaplan) of cells grown on MA at 25 u C. Motility was examined by microscopy (61000) and on MA soft agar (containing 0.3 % agar) plates (Süßmuth et al., 1987 ). Gram staining was tested by using the bioMérieux Gram-stain kit. Catalase activity was determined by bubble production in 3 % (v/v) H 2 O 2 and cytochrome c oxidase activity was determined using 1 % (w/v) N,N,N9,N9-tetramethyl-p-phenylenediamine. Physiological and biochemical characteristics and enzyme activities were determined by using API 20 NE [for assimilation tests supplemented with sea salts (S9883; Sigma) at a final concentration of 2 %, w/v], API 20 E and API ZYM systems (bioMérieux) incubated at 25 u C. The assimilation of a number of carbohydrates as the sole carbon source (Dglucose, D-mannose, D-xylose, cellobiose, maltose, lactose, sucrose, L-arabinose, glycerol and D-fructose; final concentration 0.2 %, w/v) was tested in liquid culture at 25 u C as described by Zhang et al. (2010) ; the medium was additionally supplemented with NaCl (2 %, w/v). Oxidative/ fermentative metabolism of glucose was determined as described by Süßmuth et al. (1987) on Hugh and Leifson's OF basal medium (1 % glucose, 0.2 % peptone, 0.1 % yeast extract, 0.5 % NaCl, 0.02 % K 2 HPO 4 , 0.008 % bromothymol blue, 3 % agar) supplemented with sea salts. Degradation of casein, starch, polygalacturonic acid, CM-cellulose, alginic acid and agar were tested on MA plates supplemented with appropriate substrates (0.5 %, w/v) as described previously (Margesin et al., 2003) . Aerobic growth on different media was assessed at 25 u C on MA, (trypticase soy agar TSA; 1.5 % casein peptone, 0.5 % soy peptone, 0.5 % sodium chloride, 1.5 % agar; pH 7) and R2A (Reasoner & Geldreich, 1985) . Growth under anaerobic conditions was examined after 5 days of incubation at 25 u C in an anaerobic jar [containing Anaerocult A (Merck) to produce anaerobic conditions] on MA supplemented with 10 mM KNO 3 . Growth under microaerophilic conditions was investigated at 25 u C on MA after incubation in a microaerophilic atmosphere containing 8-10 % (v/v) carbon dioxide and 5-7 % (v/v) oxygen; this atmosphere was generated in sealed jars containing Anaerocult C (Merck). Growth at 1, 5, 10, 15, 20, 25, 30, 35 and 40 u C was assessed on MA and in marine broth (Difco 2216) at 150 r.p.m. Growth at 25 u C was assessed in marine broth (unshaken). Growth at pH 5, 6, 7, 8, 9 and 10 was determined at 25 u C in marine broth buffered with acetic acid/sodium acetate (pH 5, 6) or Tris/HCl (pH 7-10) in microtitre plates; growth was evaluated by measuring OD 600 . Salt tolerance was assessed at 25 u C as described (Zhang & Margesin, 2014) on plates containing 0.5 % peptone, 0.1 % yeast extract, 1.5 % agar and 0, 2, 4, 6, 8, 10 or 12 % (w/v) NaCl. Salt tolerance was additionally tested on MA supplemented with 0, 2, 4, 6, 8, 10 or 12 % (w/v) NaCl. Susceptibility to antibiotics was determined on MA by using Bio-discs (bioMérieux). All tests were carried out simultaneously with strain RU-4-M-4 T and A. pectinivorans KACC 14153 T . The morphological, physiological and biochemical characteristics of the novel strain are given in the species description and the features that differentiate this strain from the reference strain are given in Table 1 .
Carotenoids were extracted from whole cells grown at 25 uC with acetone/methanol (7 : 2, v/v) as described by Alarico et al. (2002) and Margesin & Zhang (2013) . Absorption spectra were recorded spectrophotometrically. The presence of carotenoids was verified by absorption peaks at 452 and 479 nm in the spectra of the acetone/methanol extracts of strain RU-4-M-4 T and A. pectinivorans KACC 14153 T , which is in agreement with data from Yi et al. (2011) .
For fatty acid methyl ester analysis, strain RU-4-M-4 T and A. pectinivorans KACC 14153
T were grown on MA at 25 u C for 2 days. Both strains shared similar growth behaviour and a sufficient amount of cells of comparable physiological age could be harvested from the third streak quadrant of the MA plates after cultivation under the conditions applied. The fatty acid methyl esters were extracted and prepared according to the standard protocol of the Sherlock Microbial Identification System (version 6.1; MIDI) (Sasser, 1990) , using the database TSBA40 for calculation. Fatty acid analyses were carried out by the Identification Service of the DSMZ, Braunschweig, Germany. The major cellular fatty acids (.10 %) were iso-C 15 : 0 3-OH (14.1 %), C 15 : 0 (12.6 %) and iso-C 15 : 1 G (11.8 %).
Thus, the fatty acid profile of strain RU-4-M-4 T resembled those of other species of the genus Algibacter (Nedashkovskaya et al., 2004 (Nedashkovskaya et al., , 2007 Park et al., 2013a, b, c, d; Yoon & Park, 2013) . However, strain RU-4-M-4
T contained higher amounts of C 16 : 0 compared with A. pectinivorans KACC 14153 T . Details of the fatty acid profiles of strain RU-4-M-4 T and A. pectinivorans KACC 14153
T are available as Table S1 . 
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Respiratory quinones were extracted and purified according to the method of Collins (1985) and were analysed by HPLC (Wu et al., 1989) , using MK-6 from A. pectinivorans KACC 14153 T as a reference. The predominant menaquinone was MK-6, which is in agreement with the genus description (Nedashkovskaya et al., 2004; Park et al., 2013c) .
The polar lipid profile was analysed according to the protocol of Tindall (1990a, b) . The polar lipid profile of strain RU-4-M-4 T contained phosphatidylethanolamine, three unidentified aminolipids and two unidentified lipids (Fig. S3) . This polar lipid profile was similar to those of Algibacter lectus KCTC 12103 T , Algibacter mikhailovii KCTC 12710 T and A. pectinivorans KACC 14153 T in that phosphatidylethanolamine, two unidentified aminolipids and one unidentified lipid are major polar lipids (Park et al., 2013c) . The polar lipid profiles of strain RU-4-M-4 T and its nearest phylogenetic neighbour, A. pectinivorans KACC 14153
T , exhibited some differences. The polar lipid profile of strain RU-4-M-4
T did not contain GL1 and L1, which are present in the profile of A. pectinivorans KACC 14153 T , while the lipid AL1 was present in the profile of strain RU-4-M-4 T but absent from the profile of A. pectinivorans KACC 14153
T (Park et al., 2013c) .
The DNA G+C content was determined using the thermal denaturation method (Marmur & Doty, 1962) using Escherichia coli K-12 as calibration standard. The genomic DNA G+C content of strain RU-4-M-4 T was 36.4 mol%, which is within the values reported for the type strains of other species of the genus Algibacter. This value was higher than those of A. pectinivorans KACC 14153 T (30 %), A. lectus KMM 3902 T (31.9 %), A. mikhailovii KCTC 12710 T (35.1 %) and Algibacter wandonensis KCTC 32381 T (35.8 %) and lower than those of Algibacter agarivorans KYW560 T (41.0±0.7 %) and Algibacter agarilyticus KYW563 T (38.3± 0.4 %) (Nedashkovskaya et al., 2004 (Nedashkovskaya et al., , 2007 Park et al., 2013d; Yi et al., 2011; Yoon & Park, 2013) .
DNA-DNA hybridizations were done by the liquid renaturation method (De Ley et al., 1970) as modified by Huß et al. (1983) . DNA-DNA hybridizations were carried out in 26 SSC at 64 u C and each determination was carried out in triplicate. Both experiments were carried out at 260 nm with a model Lambda 35 UV/VIS spectrometer equipped with a Peltier System (PTP 1+1) (Perkin-Elmer). The DNA-DNA hybridization experiments revealed that strain RU-4-M-4 T shared 34 % DNA relatedness with A. pectinivorans KACC 14153 T . This value was well below the 70 % cut-off point recommended for the assignment of strains to the same genomospecies (Wayne et al., 1987) .
The data presented in this study demonstrate that strain T is a psychrophilic member of the genus Algibacter. The requirement of sea salts for growth and the ability to grow at low temperatures (with highest biomass production at 5-10 u C) reflect the conditions in the natural habitat. We use the term psychrophile as a general term that describes a micro-organism that grows in a cold environment (Margesin et al., 2008) . The use of growth rates to define the optimum growth temperature as described by Morita (1975) has been shown to be ambiguous and inappropriate (Feller & Gerday, 2003; Margesin, 2009). Strain RU-4-M-4 T exhibited the typical features of the genus Algibacter (Nedashkovskaya et al., 2004) and could be differentiated from its phylogenetic neighbour A. pectinivorans KACC 14153
T by its ability to hydrolyse agar, alginic acid and starch and by a number of other enzyme activities (Table 1) . Based on phenotypic, phylogenetic and genomic data, it is evident that strain RU-4-M-4
T represents separate novel species of the genus Algibacter, for which the name Algibacter amylolyticus sp. nov. is proposed. Cells stain Gram-stain-negative and are short rods, 0.75-162-3 mm in size after 2-4 days at 25 u C on MA. Colonies on MA are yellow, convex, smooth and circular with entire margins, and 1.5-2 mm in diameter after 4 days at 25 u C. Produces carotenoid pigments. Grows under aerobic and microaerophilic conditions, unable to grow under anaerobic conditions. Grows at 1-30 u C on MA and at 1-25 u C in marine broth. In marine broth, growth at 1 u C is weak and the greatest amount of biomass (OD 600 ) is produced at 5-10 u C. Grows at 25 uC in buffered marine broth at pH 6-8. Cannot grow in sea-salts-free medium supplemented with NaCl only. Grows in the presence of 2-4 % (w/v) NaCl on MA and in the presence of 2-6 % (w/v) NaCl in marine broth. No growth on R2A or TSA at 25 u C. Positive for cytochrome c oxidase, catalase, alkaline phosphatase, acid phosphatase, leucine arylamidase, valine arylamidase, cystine arylamidase, esterase (C4), esterase lipase (C8), trypsin, naphthol-AS-BI-phosphohydrolase, b-galactosidase, a-glucosidase, N-acetyl-bglucosaminidase and aesculin hydrolysis. Degrades starch, alginic acid, CM-cellulose and agar. Negative for nitrate reduction to nitrite, urease, a-galactosidase, b-glucuronidase, a-mannosidase, a-fucosidase, arginine dihydrolase, lysine dihydrolase, ornithine dihydrolase, indole production, tryptophan deaminase, H 2 S production and citrate utilization. Does not degrade polygalacturonic acid. Positive for utilization of D-glucose, D-xylose, D-mannose, lactose and sucrose as sole carbon sources. Negative in API 20NE for assimilation of potassium gluconate, capric acid, adipic acid, malic acid, trisodium citrate and phenylacetic acid, and in manual tests for utilization of cellobiose, maltose, Larabinose, glycerol and D-fructose as sole carbon sources. Negative for glucose fermentation. The major cellular fatty acids are iso-C 15 : 0 3-OH, C 15 : 0 and iso-C 15 : 1 G. The major polar lipid is phosphatidylethanolamine. The predominant menaquinone is MK-6.
Description of
The type strain is RU-4-M-4 T (5LMG 28383 T 5DSM 29199 T ) and was isolated from intertidal sediment of the Russian Sakhalin Island. The genomic DNA G+C content of the type strain is 36.4 mol%.
